INTRODUCTION
Older adults rarely present to the primary care doctor with a single medical condition. About two-thirds of Medicare beneficiaries have two or more medical conditions, and the prevalence of multimorbidity increases with advancing age. 1 Multimorbidity, often defined as two or more concurrent medical conditions, has received attention as a focus of intervention because of its association with increased risk for all-cause mortality, functional impairment, and reduced quality of life. 2 Multimorbidity poses significant challenges to clinicians, given the limited time and resources of primary care practice, and most guidance on appropriate care focuses on only one medical condition at a time. 3 Should medical conditions such as diabetes and heart disease take precedence over depression, or should the management of depression be integral to the care of patients with these conditions? The co-occurrence of depression and medical multimorbidity can significantly complicate the management of older patients, yet most studies focus on one comorbidity at a time (e.g., diabetes and depression). Few studies are consistent with the multimorbidity that characterizes older adults in primary care. Depression often accompanies medical conditions such as hypertension, heart disease, diabetes, chronic lung disease, arthritis, and cancer. 4 Among Medicare beneficiaries with a claim for depression, 90 % have one or more associated chronic conditions. 1 Patients in whom depression coexists with medical conditions may be less adherent to medical or behavioral regimens, have more functional impairment, and increased mortality. 5 Compared to persons without depression or other psychiatric conditions, persons with comorbid psychiatric disorders and medical conditions such as diabetes and cardiovascular disease may receive a poorer quality of medical care. 6 Observational studies have
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reported beneficial outcomes of depression treatment for patients with medical comorbidity, but no randomized trials have assessed how the treatment of depression may modify the risk of mortality among persons with multiple medical conditions. In this investigation, we probe the relationship between multimorbidity and mortality among depressed older adults in primary care practices with a depression management program. Using the Prevention of Suicide in Primary Care Elderly: Collaborative Trial (PROSPECT) data, 7 we hypothesized that medical comorbidity would be associated with allcause mortality over the 8-year study period regardless of intervention and depression status. Because PROSPECT tested a care management intervention to provide algorithmbased depression treatment against physician usual care, we also hypothesized that exposure to the intervention condition would attenuate the relationship between medical comorbidity and mortality among older persons with depression. In contrast to most randomized clinical trials, we followed patients who did not meet criteria for depression, providing a benchmark for gauging the influence of multimorbidity on mortality in practices with and without the depression management program. We have previously reported that the intervention was associated with reduction in mortality over the course of the follow-up, 8 and we speculated that treating depression would reduce mortality risk among persons with multimorbidity to the level of mortality of persons with minimal levels of multimorbidity.
METHODS

Study Sample
The Prevention of Suicide in Primary Care Elderly: Collaborative Trial (PROSPECT) was a cluster-randomized, controlled trial comparing a primary care-based intervention with usual care to improve outcomes of depression. 7, 8 The study was conducted in 20 primary care practices in New York City, Philadelphia, and Pittsburgh from May 1999 to August 2001, with individual patients followed clinically for 2 years. Practices were randomized by coin flip to the intervention condition or to usual care after pairing by academic affiliation, size, setting, urban location, and population type. Patients aged 60 years and older who gave oral consent were screened for enrollment using the Centers for Epidemiologic Studies Depression scale (CES-D ). All patients who scored higher than 20 on the CES-D were invited into the study, as well as a 5 % random sample of patients with lower scores. Approximately half of the final PROSPECT sample consisted of persons who met criteria for depression. Study procedures were implemented with written informed consent. The research protocols received full review and approval from the Institutional Review Boards of Cornell University, the University of Pennsylvania, and the University of Pittsburgh.
Key Variables under Study
Medical Comorbidity. Medical burden was assessed using the Charlson Comorbidity Index (CCI 10 ) and supplemental questions about the common disabling conditions of late life at baseline. The range of the scores for CCI is 0 to 12, with higher scores indicating greater medical comorbidity burden. The CCI was developed with 19 medical categories to predict mortality in hospitalized patients. 10 With both self-report data and medical claims coding, the CCI has been shown to be associated with service use, costs, and mortality in primary care. 11, 12 Depression. Trained research assistants used the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV), to diagnose major depressive disorder (MDD). 13 Clinically significant minor depression was defined as meeting DSM-IV criteria for minor depression with four depressive symptoms, Hamilton Depression Rating Scale (HDRS) score 10 or higher, and duration of symptoms 4 weeks or more.
14 Structured Clinical Interview for Axis I DSM-IV Disorders (SCID) was obtained for all participants. 15 Physicians received written notification of the depression status of patients based on the SCID assessment. For this analysis, we primarily considered depression as present if the criteria for either major or minor depression were met. Patients who did not meet criteria for depression provide a comparison to assess the impact of multimorbidity on mortality risk in patients from the same practices as depressed patients.
Vital Status. Vital status was determined using the National Death Index (NDI Plus), the computerized national death certificate registry of the National Center for Health Statistics. We did not transmit any study data along with identifying data or transmit identifying data through e-mail. The three PROSPECT sites verified vital status information obtained from NDI and sent the final version indexed by unique study identifier and stripped of personal identifiers to the University of Pennsylvania Data Core to produce the analytic data set. Written consent, including permission to obtain death certificate information, had been obtained from each participant. This study received approval from the Institutional Review Boards at Cornell University, the University of Pennsylvania, the University of Pittsburgh, and Johns Hopkins University, and independent review at the National Center for Health Statistics.
Other Covariates. Sociodemographic characteristics were assessed with standard questions regarding age, gender, selfidentified ethnicity, level of education attainment, and marital status. Smoking status was based on report of smoking within 6 months of the interview. Severity of depression was assessed using the 24-item Hamilton Depression Rating Scale (HDRS) ranging 0 to 76 with higher scores indicating greater depressive symptoms.
14 The Mini-Mental State Examination (MMSE) was used to assess cognition. 16 The range of scores for the MMSE is 0 to 30, with lower scores indicating greater cognitive impairment. Patients with scores less than 18 were not included in the study. The presence of suicidal ideation was assessed using the 21-item Scale for Suicidal Ideation (SSI) dichotomized to indicate the presence of any suicidal ideation. 17 
Description of Usual Care and Intervention Conditions
Practices randomized to Usual Care received notification of the depression status of their patients but no specific recommendations. Practices randomized to the Intervention Condition had available depression care managers (DCMs) who worked within the practice. DCMs implemented the intervention among patients with major or minor depression by working with primary care physicians to recommend treatment according to standard guidelines. DCMs followed up patients over 2 years to monitor treatment response, adherence, and side effects. First-line treatment was citalopram. Interpersonal psychotherapy could be used alone or as an augmentation. Patients in PROSPECT's intervention arm received acute and maintenance treatment over 2 years. In both study arms, physicians were informed by letter if patients reported any suicidal ideation and immediately when patients were identified at high suicide risk. Other sources detail the role of DCMs, pharmacotherapy strategy, and management of suicidal ideation.
18-21
Analytic Strategy
Our analysis proceeded in two phases. First, to identify potential confounders of the relationship between medical comorbidity and mortality for use in adjusted models, we compared baseline sociodemographic, behavioral, and clinical characteristics of depressed and nondepressed patients across four quartiles of CCI scores. We sorted patients into four quartiles of Charlson scores due to the highly skewed distribution of scores and to facilitate comparisons across depression status and intervention condition. Bivariate comparisons for both continuous and binary characteristics were based on the F value from linear and logistic regression models with random effects to account for clustering of patients by practice. Associations between baseline characteristics and time to death were assessed using Wald-type χ 2 tests from Cox proportional hazard models. Characteristics that were both significantly different across quartiles of Charlson scores and associated with mortality at α=0.10 significance level were considered potential confounders and included in adjusted models in subsequent phases of the analysis. 22 In the second phase of the analysis, we used Cox proportional hazards regression to model the risk of medical comorbidity within depression and intervention strata, adjusting standard errors for within practice clustering. We carried out survival models treating the Charlson scores as continuous as well as in quartiles. We introduced a three-way interaction among medical comorbidity, baseline depression status (major and minor depression versus none), and intervention assignment into the Cox model in addition to main effects and corresponding two-way interactions, estimating hazard ratios and corresponding 95 % confidence intervals stratified by depression and intervention status. Consistent with the literature, 23 we set α at 0.10 to denote statistical significance for the three-way interaction term in the Cox proportional hazards model. There was no evidence of violation of the proportional hazards assumption, as the weighted Schoenfeld residuals were not associated with time. 24 We assessed for linearity between the CCI score and log hazard of mortality using the restricted cubic spline. 25 We generated a display of the adjusted hazard of mortality with the Charlson comorbidity scores as a visual depiction of the functional association between CCI and mortality. Statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
Sample Characteristics
The CONSORT (Consolidated Standards for Reporting of Trials) flow diagram for PROSPECT has been published previously. 7 In brief, the study screened 9072 patients aged 60 years and older, of whom 1888 were invited to participate, and 1238 (65.8 %) agreed to a baseline interview. Among them, we excluded 34 persons because of incomplete information on medical comorbidity, leaving a sample size of 1204.
The mean CCI score of the entire sample was 2.6 (SD 2.3; median 2; interquartile range 1-4). At baseline, 583 people were classified as having major or clinically significant minor depression, and 621 did not meet criteria for depression. Overall, depressed patients had a significantly higher CCI score than nondepressed patients [mean (SD) 3.0 (2.4) versus 2.3 (2.1), respectively; P<0.001]. Table 1 compares the characteristics of depressed persons (major and minor) according to CCI quartiles, while Table 2 compares characteristics of persons who did not meet criteria for depression. In each table, the rightmost column provides the hazard ratio for mortality for each variable.
The mean years of schooling and MMSE scores for both depressed and nondepressed patients were inversely related to CCI scores. Baseline age, sex, education, depression severity (Hamilton Depression Rating Scale), cognition, and suicidal ideation met criteria for potential confounding variables as they differed significantly across CCI quartiles and were associated with mortality, and they were subsequently used in the multivariate models.
Medical Comorbidity and Mortality
After a median of 8.2 years of follow-up through 2008, 397 patients had died. Table 3 provides unadjusted and adjusted hazard ratio estimates representing the relationship between CCI scores and 8-year mortality, stratified by both patient baseline depression status and practice intervention group. We observed no significant departure from linearity between the CCI and log hazard of mortality (P=0.46;χ 2 = 0.54, df=1). Higher CCI scores were associated with a greater risk of death, regardless of intervention or depression status (adjusted hazard ratios per 1-unit increase of CCI ranging from 1.12 to 1.25 in Table 3 ).
Medical Comorbidity and Mortality and the Depression Management Program
Depressed patients (top half of Table 3 ) in the highest quartile of the CCI (having a score of 4 or more) in usual care were more likely to die than were persons in the lowest quartile [having a score of 0; hazard ratio 3.02 (95 % CI, 1.32 to 8.72)]. In contrast, in the intervention practices, depressed patients in the highest quartile of the CCI were at no greater risk than were persons in the lowest quartile [hazard ratio 1.73 (95 % CI, 0.86 to 3.96)]. Nondepressed patients provided a benchmark for interpreting the effect of the depression management program on depressed patients. Compared to persons without depression in usual care practices, persons without depression in the intervention practices had a similar risk of mortality whether examined as a continuous variable or in quartiles (lower half of Table 3 ). According to our pre-specified α level of significance for a three-way interaction, exposure to the intervention reduced the risk of mortality at higher levels of medical comorbidity (P=0.07; χ 2 = 3.26, df=1). The conclusions are not changed if only the 158 persons with major depression and the highest level of medical comorbidity were examined. In usual care, among persons with the highest level of medical comorbidity and major depression, the risk of death was three-fold higher than for persons with similar medical comorbidity who did not meet criteria for depression [adjusted hazard ratio 3.17 (95 % CI, 1.26 to 10.44)]. In intervention practices, patients with major depression and the highest level of medical comorbidity were not statistically significantly at increased risk [adjusted hazard ratio 2.76 (95 % CI, 0.97 to 10.94)]. Figure 1 illustrates that as the CCI score increases, so does the relative risk of death (with a CCI score of zero as the comparison group at each level of multimorbidity). Among nondepressed groups, the risk relationship of multimorbidity to mortality is similar in both usual care and intervention practices. However, the risk of death increases with increasing multimorbidity only for the depressed patients in usual care, not in intervention practices.
DISCUSSION
We found that multimorbidity associated with depression increased mortality among older primary care patients, but that a depression management program could mitigate the combined effect of multimorbidity and depression on mortality. We probed medical comorbidity as a construct based on the Charlson Comorbidity Index, a well-studied, widely used standard method of assessing medical comorbidity in use for almost 30 years. Whether among depressed or nondepressed patients, the higher comorbidity was associated with increased risk of death. Among older adults with the most medical comorbidity, depressed patients in usual care were at increased risk of death, while depressed patients in intervention practices were not. Nondepressed patients provided a benchmark, since the mortality experience of nondepressed patients as a function of increasing comorbidity was the same in intervention and usual care practices. Our focus on multimorbidity here extends our previous findings that the intervention was associated with decreased mortality over the course of the follow-up. 8 Sustained depression management over at least 2 years can improve mortality even in the face of multimorbidity.
Before discussing the implications of our results, limitations should be acknowledged. Participating primary care practices CCI=Charlson Comorbidity Index; HR=hazard ratio; CI=confidence interval *Hazard ratios are from Cox proportional hazards models † Adjusted models include terms for baseline age, sex, education, depression severity, cognition, and suicidal ideation Fig. 1 Adjusted relative hazard of all-cause mortality. Relative hazard predicted using Cox proportional hazards regression for depressed (gray) and nondepressed (black) patients in intervention practices (solid) or usual care practices (dashed), adjusted for baseline age, sex, education, depression severity, cognition, and suicidal ideation. The curves show adjusted hazard ratios (HRs). A CCI of zero was used as the reference (HR=1) may not reflect all primary care practices in the US, because the study was carried out at sites in the greater metropolitan areas of New York City, Philadelphia, and Pittsburgh. The diagnosis of chronic medical conditions was based on patient interviews. However, self-reported data on chronic diseases are meaningful and reliable. 26 The mortality reduction among patients with depression and high burden of medical comorbidities randomized to the intervention may be due to factors other than the specific effects of a depression management program. We note that the similar relationship of multimorbidity to mortality among nondepressed patients in usual care and intervention practices suggests that the differences we observed among depressed patients were not due to the case mix, physician practice patterns, or other unmeasured characteristics of the practices. Misclassification of vital status was also a potential limitation. However, overall sensitivity of the NDI for ascertainment of vital status has generally been well over 90 % in most studies. 27 The Charlson Comorbidity Index is based on a list of medical conditions and does not include geriatric syndromes such as falls or urinary incontinence that may contribute to poor quality of life and mortality.
We believe that our findings deserve attention because addressing mental disorders such as depression often takes a back seat in the face of significant medical comorbidity (the Bcompeting demands^of primary care practice 28 ). In contrast, we found that multimorbidity was no barrier to response to a sustained intervention consisting of depression care management in primary care. The paradox is that physicians may be more aware of depression in the context of medical comorbidity, but recognition does not necessarily mean attention to treating depression. For example, Bogner and colleagues found that, compared to patients without heart disease, patients with heart disease were more likely to be identified as depressed by the primary care physician, but less likely to be actively managed for depression. 29 Koike and colleagues found that rates of depression treatment in patients with medical disorders who participated in a quality improvement program were low despite the greater severity of depression. 30 In summary, such studies demonstrate patterns of practice that downplay the importance of treating depression.
Observational evidence supports the benefits of depression treatment in those with medical illness. A Cochrane collaboration meta-analysis concluded that efficacy of antidepressants in the medically ill was similar to that in patients without medical comorbidity. 31 Simon and colleagues observed that persons who started antidepressant treatment in primary care experienced significant improvement in depression as well as function and disability. 32 The reduction in disability following depression treatment was as great in those with multimorbidity as in those without medical conditions. Although antidepressants are effective for treating depression in patients with a wide range of physical diseases, antidepressants do not reliably affect disease self-management behaviors in chronically ill patients, 31 which suggests the potential benefits of educational and psychosocial treatments. Psychosocial treatments such as medical condition-specific education may improve depression and anxiety. 33 Evidence-based depression care management improves glycemic control in patients with cooccurring diabetes and depression. 34 Sustained management may be essential to achieving improved health goals, since participants in PROSPECT received acute and maintenance treatment over 2 years, both pharmacologic and nonpharmacologic. 7 In our study, primary care older adults with more comorbidities in the intervention condition benefited in terms of mortality. Though this may seem counterintuitive, other studies have shown that sicker patients may have more to gain with appropriate intervention. Harrison and colleagues showed that patients with multiple physical conditions and depression who received chronic disease management support improved considerably more compared to patients with fewer medical problems or those without depression. 35 Although depression is often associated with reduced self-management in observational studies, 36 patients with medical conditions and depression demonstrate greater benefits after receiving chronic disease management support. 35, 37 In combination with our study, the evidence suggests that depression management should not be secondary to management of 'organic' disease but rather should be integrated into the care of older adults with multimorbidity.
